This paper explores the climate change challenges, adaptation strategies and knowledge gaps in smallholder potato production in Mauche Ward of Nakuru County, Kenya. Understanding climate change challenges is important in the efforts to build resilience and enhance adaptation among smallholder farmers. Simple random sampling was used to select 150 smallholder potato farmers to participate in a household survey and data analyzed using SPSS. To triangulate the findings, purposive sampling was used to select 76 potato value chain (VC) stakeholders to participate in a brainstorming session in a workshop. Results showed that ncreasing rainfall is reported but the onset is unpredictable.Excess water runoff damages the road network and transportation of potatoes to the market is expensive.
INTRODUCTION
The global mean air and ocean temperatures have been rising over the last century due to increasing concentrations of heat trapping greenhouse gases (GHC) in the atmosphere, especially carbon dioxide, methane and nitrous oxide (IPPC, 2013) . This global warming has led to intensity of extreme events such as increased rains, floods, frost, droughts and heat waves, which profoundly impact on the conditions in which agricultural activities are conducted (Bett et al, 2016 ) and the whole value chain of crop production (Shibabaw et al, 2014) . In every region of the world, plants, animals and the ecosystem are adapted to the prevailing climatic conditions (FAO, 2016a) . When these conditions change, the result can be an increase or decrease in productivity depending on remedial agricultural practices; with potentially higher negative impacts. Secondary consequences of climate
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Impact Factor (JCC): 5.9857 NAAS Rating: 4.13 change include increased vulnerability to diseases, susceptibility to nutritional disorders, deprivation of educational opportunities and ultimately, a serious challenge to all biodiversity (Katelyn, 2016) . Adaptation to climate change takes place through adjustments to reduce vulnerability or enhance resilience (Chesterman and Neely [Eds] (2015).
The climate of Africa is warmer than it was 100 years ago and model-based predictions of future GHG induced climate change for the continent clearly suggest that this warming will continue and, in most scenarios, accelerate (Thompson, 2016) . Sub-Saharan Africa (SSA) is predicted to be particularly hard hit by global warming because it already experiences high temperatures and low (and highly variable) precipitation. The economies are highly dependent on agriculture, and adoption of modern technology is low (FAO, 2016a) . In SSA small-holder farmers are the primary producers of agricultural outputs and account for 80% of all the farms. The smallholder farmers in SSA cultivate small parcels of land which are often degraded and have no access to irrigation. They do not have sufficient labour, little access to financial credits and do not practice commercial market. The effect of climate change challenges facing SSA smallholder farmers is producing enough food for the region (AGRA, 2014).
Although the Kenyan agriculture sector supports the livelihood of over 70 percent of the rural population (Government of Kenya [GOK], 2011a), it is mainly rain fed and hence vulnerable to climate-induced risk and uncertainty.
Many of the land management and water-use efficiency initiatives intended to strengthen the climate change adaptive capacity of communities in Kenya have failed partly due to lack of awareness of their availability (Ojwang, Agatsiva &
Situma, 2010)
A changing climate is associated with increased threats to food safety, post-harvest losses and pressure from invasive species, pests and diseases (Beddington et al, 2012) . Crop yields could be reduced mainly as a result of erratic rains, floods; droughts and soil infertility (Bie, Mkwambisi & Gomani, 2008) . Households that depend mostly on agriculture stand to lose food production due to climate change since falling harvests undermine household and national food security. Adverse climate effects can influence farming outputs at any stage from cultivation through the final harvest (Ayanwuyi, Kuponiyi, Ogunlade & Oyetoro, 2010). Even if there is sufficient rain, its irregularity can affect yields adversely if rains fail to arrive during the crucial growing stage of the crops.
Potato is the world's fourth most important food crop after wheat, rice and maize and the leading non grain food commodity. World potato production is steadily increasing with a total of 385 million metric tons recorded in 2014 (FAO, 2015a) . Approximately two thirds of production is consumed as food with the balance being used for animal feed, potato starch in pharmaceuticals, textiles and adhesives. Potato is a staple food and cash crop in the tropical highland regions of sub-Saharan Africa, where it is grown both as a horticultural crop due to its high value, and a food security crop (Okello et al, 2016) . Potato yields in sub-Saharan Africa are very low, averaging 7.8 tons per hectare (FAO, 2015a).
Small-scale farmers in the region attain low yields due to inadequate supply of clean seed, pest and diseases associated with climate change. In Kenya, potato ranks second after maize as a most important staple food (Muthoni & Nyamongo, 2009 ). This study focused on potato which in addition to calories and protein is a vital source of vitamins, potassium and fibre. The International Potato Center (CIP) has partnered with the Government of Kenya to promote the potato as a strategic food security crop due to its high productivity per unit area (Sullivan, 2010 Integrating climate change adaptation strategies in potato production is better achieved through participatory innovation in which smallholder farmers become central in the design of research processes as partners in planning and 
MATERIALS AND METHODS

The Study Area
The study was carried out in Mauche Ward of Nakuru County, Kenya. During the time of this study, there was shortage of extension services as the Ward was served by only three agricultural extension workers with expertise in crops, livestock and home economics. Due to inadequate transport and facilitation, extension messages were delivered mainly through demand driven and group approach -hence farm visits by extension workers were limited and out of reach to many farmers. produce and purchase farm inputs. Mauche Ward lies on the Mau escarpment and is highly vulnerable to soil erosion due to the sloppy terrain. Increased human population and demand for more agricultural land for food production has resulted in destruction of the vegetation cover and subsequently rampant environmental degradation. There has been increasing deforestation and cultivation of water catchment areas and river banks, which have contributed to pollution of water sources as well as changes in climatic conditions. Figure 1presents the location of the study area.
Figure 1: Location of the Study Area Data Collection Methods
The study employed Simple Random Sampling to select 150 farmers to participate in the household survey. A pre-tested semi-structured questionnaire was used to collect primary data from sampled smallholder farmers in the study area to elicit information on Farmers' Perceptions on Occurrence of Climate Change Indicators, Farmer Strategies to Cope with Climate Change, Sources of information on climate change, Organizations training farmers on climate change, Key areas covered in climate change training and level of knowledge acquired on selected climate change adaptation strategies.
Collected data was edited, coded and analyzed using SPSS. The results were presented descriptively using frequency and percentages.
To triangulate the household survey findings, purposive sampling was applied to select 76 potato value chain actors to participate in a workshop. participating potato value chain stakeholders were guided through a brainstorming session. Brainstorming is a participatory process in which participants in a forum discuss an issue and arrive at a consensus. The workshop facilitators started by introducing the climate change agenda to the participants. The group was then divided into eight mixed groups. Each group deliberated on a particular thematic area and recorded their findings on a flip chart. During the plenary session, the leader of each group made presentations with input from the group members for validation and adoption by the workshop participants. The thematic areas were:
• Local awareness of climate variability and trends and associated impacts on natural resources
• Consequences and impacts of climate related changes on livelihoods 
RESULTS AND DISCUSSIONS
Farmers' Perceptions on Occurrence of Climate Change Indicators
Respondents were asked to give their perception on occourance of selected climate change indicators. The respondents were asked to rate the incidence of occurrence of eleven climate change indicators using a 5-point Likert scale ranging from 'Very low' indicating a very minor occurrence to Very high indicating a common occurrence. The results of the ratings are given in Table 1 . Rainfall seasonality is seen as a challenge as it is manifested in unpredictable onset, which affects timeliness in farm operations. Increase in rainfall causes flooding which affects quality of water sources impacting negatively on human health and expected agricultural productivity. It also causes severe soil erosion on farms hence reduced soil fertility.
Climate change in the study area is associated with rampant incidence of potato pests and diseases which lead to reduced crop yields. Due to intermitent rainfall, natural resources have been reducing consistently especially forest cover, pasture and fodder for livestock. Spontaneous fires often occur during the drought period causing massive destruction of flora and fauna. This concurs with Elum, Modise & Marr (2017) that climate change impacts are felt by those whose livelihoods depend on natural resources.
Farmer Strategies to Cope with Climate Change
There were a number of possible adaptive responses available to deal with climate change in the study area. These 
Sources of Information on Climate Change
The institutions that provided the respondents with information on climate change were recorded. The respondents exhibited inability to obtain information from available sources. Their major sources of climate change information were the Department of Agriculture (42.7 %), followed by the mass media (36.7 %), whereas 13.6 percent did not receive any Access to information may also result to dis-adoption of the technology. For instance, where experience within the general population about a specific technology is limited, more information induces negative attitudes towards its adoption, probably because more information exposes an even bigger information vacuum hence increasing the risk associated with it (Bonabana-Wabbi 2002). It is therefore important to ensure the information is timely, reliable, consistent and accurate. Farmers can only adopt a technology if they are sensitized on how to use it and its benefits.
Organizations Training Farmers on Climate Change
There was evidence of lack of training and unclear knowledge acquisition on climate change given that a majority of the respondents (50. are not enough on their own: they need to be delivered in association with climate-related information targeting farmers such as when to plant, crop choice, varieties to plant and management practices. Barriers to adaptation that need to be addressed include lack of access to resources and knowledge needed for adaptation (FAO, 2014) .
Level of Knowledge Acquired on the Listed Climate Change Adaptation Strategies for Potato Production
There is need to understand farmers' knowledge of existing climate change adaptation strategies for potato production. Such information is important for designing and implementation of a suitable intervention. The respondents were asked to indicate the level of knowledge acquired on the climate change adaptation strategies for potato production on a five point Likert Scale. Table 2 presents their responses. Climate change adaptation builds on existing efforts to achieve sustainable agriculture intensification for sustainable productivity increases, thereby supporting the achievement of national food security and sustainable development goals (FAO, 2016b) . Despite this fact, the respondents generally exhibited inadequate knowledge on the listed climate change adaptation strategies. However, they indicated having acquired relatively high knowledge in control of potato diseases (47%), crop rotation (44%), potato post-harvest management (33.3%) and use of intercropping (27.3%) when high and very high levels of knowledge were combined.
The respondents expressed confidence in their ability to identify and control potato pests and diseases having received training from the local agricultural extension workers. During the feedback session with the farmers, the most common potato diseases in Mauche were bacterial wilt, late blight and viruses; whereas important pests included potato tuber moth and aphids. Farmers controlled potato pests and diseases using pesticides and fungicides purchased from agrochemical shops in Mauche and Mau-Narok markets. These agro-chemicals are prone to misuse by farmers hence, as suggested by Okonya and Kroschel (2016) , there is need to train farmers on more environmentally friendly approaches such as integrated pest management (IPM) and organic soil nutrient management (FAO, 2016a).
Crop rotation entails planting different crops in the same field following a defined order; usually the preceding crop has a positive effect on the succeeding crop in the rotation, leading to higher production overall. Practicing rotation Potato value chain stakeholders in Mauche asserted that rainfall has generally been increasing but the onset is unpredictable, which affects timeliness in farm operations. This concurs with the Njoro rainfall data in Figure 2 . The potato value chain stakeholders complained that excess water runoff damages the road network and transportation of potatoes to the market is expensive due to poor road infrastructure in the producing areas. Increasing rainfall also causes severe soil erosion on the farms hence reduced soil fertility as well as rampant incidence of potato pests and diseases which calls for further investment on pesticides and fungicides. Flood increase affects quality of water sources. This has a negative impact on human health and expected returns to agriculture, which concurs with International
Resources Group (2008) and Hoeffler (2005) . More intense and frequent precipitation periods also contribute to food insecurity through fluctuations in crop yields and local food supplies, as well as a decline in nutritional intake (FAO, 2008 ).
To approach the issue of climate change appropriately, one must take into account local communities' understanding of climate change (Apata et al, 2009 ). The assumption is that these communities have an inborn, adaptive knowledge and are able to develop strategies to cope with an erratic climate change, severe pest attack, changing agricultural policies and other natural factors. Vulnerability assessments and resilience analyses done during the research revealed the need for a range of strategies to enhance regional resilience. Unpredictable rainfall onset calls for adaptation strategies such as planting short season varieties, crop rotation, crop diversification, and varying planting dates (Mutekwa, 2009 ). Establishing the challenges to smallholder potato production under climate change pressure will highlight "hotspots" of vulnerability in order to facilitate development of strategies by the relevant value chain actors to address them (Morton, 2007).
CONCLUSIONS
The study recommends involvement of farmers in collective learning processes, to develop and integrate crop, soil and water management intensification strategies. This ensures sustainability of climate change adaptation efforts in smallholder potato production.
Any efforts to address climate change challenges in smallholder potato production must be complemented by investments in rural infrastructure such as market access roads, water dams and water pans to facilitate irrigation as well as storage facilities. This can be achieved through collaboration between the National Government, County Governments, partners and stakeholders.
